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e s c r i 3 t i o n  of Structure 

Vnity 3m 18  10cate6 between the towns of Unity and Raker, Orezon 

( F i e r e  1). The d m  i s  a cambination eer th  and r o c k f i l l  s tpucture  
' h ~ v i n g  a t o t a l  2 r a p  of 55 f e e t  from c r e s t  t o  e t i l l i n ~ p o o l ,  I[t inter-  

cepts the  f low of the  Burn t  Ellves t o  form n reservoir  wtth an aetimated 

capacity of 25,120 acre-feet a t  t he  maxfnun watcr surface elevation of 

3820.0. A general plan of the dm i s  shown on Figure 2 and the upillmy 

i s  shown ic d82I and section in Figure 3. . 

?he m t l e t  works a?d s?illway, with d e s i g m d  capaci t iec  a f  525 an", 
1G,030 eacond-feet, respectively,  are located near the r i e t  abutment 

of the dm. The o u t l ~ t ,  consis t inq of a eingle 7.5-foot I D  circular 

tunnel, c m e d  i n  plan,  has i t s  e x l t  i n  the rlqq.ht mil a f  t h e  spillway 

s t i l l i rq -poo l .  me spillway is control led  by two 2 L  by l!%f oot r ad i a l  

w t e e ,  $8 s t r ~ i z h t  i n  ~ l a n ,  i t s  cen te r l ine  making an q l e  of app-0x1- 

mataly 84 degrees and 37 minutea with the axis of the dam. 

Becauee of uncertainty as t o  t he  ~ b l l l t y  of the spillway to pass 

t h e  5iecfiargeo r e ~ u i r e d  while maintaining flow conditions not de t r i -  

mental t o  the s t r uc tu r e  i t a e l f  and s u r r m d l n , ~  t o p o ~ a ~ h y ,  i t  w a s  

decided t o  conduct a thorough i nves t i f~a t i on  of t h e  o r i ~ i n a l  deal@ 

throvh the mePSa of model t a s t e .  
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bogan t o  form at 8,250 second-feet with  eymmetrical cats operation, 

lncr 'sar ing rapiclly ir. rnr~ynttude ne the flow wrce increased t o  

10,000 aeccnd-f c ? t .  The critlcnl Cischarge r c s  t he ro fo ro  shown t o  

'Ira s l i g h t l p  n:o?e thur 50 percent naximum. 

Since t h e  o c c c t n i m ~  when i t  would 3 e  necensclry t o  nnss the rn~~xlmum 

flak t?rcu?~h the structur~ wo~d.2 probably be  rara, i t  seemed reneonable 

t o  r ~ c o m e n d  thc re:ention of t h e  o r i c i n a l  approach d n e l m .  Rowaver, 

I t  v t t ~  rc\qu*?!ltc,C t k :  an a t t o x ~ t  I)o mde t o  improve tho approach 

conditions ut hl~J. diachcrrgec. Several desic;ne were t e s  tad. Tho f irst 

revieion ( F ~ ~ ; u ~ o G  6d ~ n d  7 )  c o n s i s t e d  of extending che ,:clto structure 

eidewallc bncl: to S t n t  ion 0499.70 with a aonatan t  h a l c h t  greater than 

the maxi::uiil wt:t?r ~u i - f t i ce  e l ~ c a t i o n .  The corners at  S ta t ion  0490.70 

w:*re rounJ8d. tn ~ 1 .  /&foot r a d i u s  to promote snoother  flow at  that point. 

Tha perfommop (Fimlre 6 ~ )  of th i s  entrance wefi tm improvement over 

the oricyllloi?, but was not  e n t i r e l y  satlafactor;.. 

Revieerd Approacher, 2, 3, m d  ( ~ i m r r  7) were attemcts to make 

the t r n n c l t f o n  fron? t h e  i z p t r e m .  dm. face  t o  t h ~  npproacl; chacnel less 

abrupt  by s u h s t i t u t l n r ~  raricus intermediate olopse .  In each casm, tho 

turbulent sreci s t i l l  existed, althsuch reduced in ~ize. F l p r e s  63, C, 

and Z! el low the flow i n  those approaches. 

Rn.viaec! Approaches 5 and 5 (FIKo 7 )  were ncdifications of 1. with 

the m ; v s i l  at the u p ~ t r e r ~ n  en28 of the two walls oxtmdec! t o  bacont? 

s e ~ : i c i r c ~ l n r  i n  plan. The perfomanca, Fiwros 63 ~ n d  F, m a  aamewhat 

improved over the  former 40si471~. Tests w?ro a l ~ o  qn the oricinal 

approach with one w t n  open. &%on thrj rlqht rtatcj w a 3  ~ O Z ,  a mrvlmwn 

f low of approxirnotely 5,hOO eneoctl-feet cmld br, pe.?cc! with a reoervoir 

e l e v a t i o n  af  ?$ZO.O. YO a~nr~ciahlo tufbulence in the abnronah channel 

m e  a p a r e n t .  !!eaeurement of the nclxlrnun flow with only the l n f  t mte 

open wae n o t  made, b u t  I t  wns ob~arved  t o  be of about the same v i t u d e  

as that for the r i c h t  %te. No ulmiiaual disturbances were noted in t h i s  

case aither.  





Epon bal~nain. :  the cont of thc  vr.ri,ous revin1or.s ngnlnst the 

y a r f o r a ~ n c r  ohtaiaed, i t  was decided t o  r s t n i n  the cri.~?nal approach, 

because of i t s  109: coat cad ~ d a q u a t e  perforrnnnca uy, t o  80 peraant  

maxim dincharge. 

&tensive t e s t s  were m on each approach e x c q t  Nos. 5 and 6 t o  

obta in  dntb f o r  plot tin^ head d i s c h n r ~ e  a d  coeff ic ient  curves, 

Fimre 8. Sxamination of the  CU~VBR f o r  the o r i ~ i n a l  aparoach ahow a 

rraximwn flow of approximat c ly  10,350 second-f ee t  f o r  a head of 16 f e e t  , 
or 3.5 percent  mora than required. Revised Approaches 1, 2, 3,  and 4 

eve s l i g h t l y  g r ea t e r  discharces than the  o r ig ina l  clee5g a t  equivalent 

heeds, but the  advanteqes of  thou^ designs were not considered suf f i c ien t  

t o  wnrrent the  addi t ional  expenae, 

The arFgim1 approach channel vae again tested with the  approach 

f l o o r  ra ised t o  e levat ion 'JR04.0 (tha erne as that of the c r ee t ) .  The 

mr,imum dincharge f o r  t h i ~  setup wn.8 about 92 percent of t h a t  rsouired 

(Figure 8) ,  oonusq~ent ly  ' thie arrangement was abandoned. The o r l e lna l  

approach channel was therefore recomme~ded nr! tlie f i n a l  de s im .  

Pressure Strt2ies on Crest 

Piezometer~ were In s t a l l ed  on the  c ree t  as shown i n  Fl-re 9. 

Pressure8 and water surface p r o f i l e s  were taken f o r  dlacharfles of 10,000 

and 5,000 second-feet. The preeeure d i s t r i bu t i nn  MAS ea t l s fac to ry ,  and 

no po in t s  of n e ~ ~ t i v e ,  preasure could be found. 

S t i l l i n i w m o l  Studies 

The o r ig ina l  s t i l l i n ~ ~ p o o l  Beelm provided f o r  the  plaoing of a 

2.5-f oat  Centatsc? s tep at S ta t ion  370.16 and a 5.0-f oat  combination 

Rehbock s i l l  a t  S ta t ion  428.66, 58.5 feet downstream from the dentated 

e tep  (Fi,prea 10 and 1l.A). This a r r q e m e n t  vae incorporated In  the  

model and 8 discharge correspond in^ t o  the  m a x i m  prototybe uf 

10,000 secmd-f e s t  allowed t o  flow do-; t h e  apillvey. The t a i lwa te r  was 
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not  i . z s u t ~ 1 ~  ~scsr-darg td(.-vd! (?xi$ tad approxime t e l y  50 f e e t  downntrenm 

frcr: thc Lowcr end of thc training-vell~, axlC the hjCraulic jun; 

occurrc:! t oo  f n r  domstrenn: on t h e  apron, indicating A deficiencjr of 

t a i l v c t c r ,  T ; i i ~ r o . ;  L l D  m d  3,  9y r r r i c i r . , ~  the tailwater nu-rf'acn 2 f e e t ,  

thin uave disnppcnrod, inClcatin~ th. t  t hs  goo1 <loor  ehoclil be lalsrared 

tluct ~wun t .  Eownver, becr iwo of t h a  cost of such ~ x ~ ~ v a t l o n ,  i t  wae 

d e a l d ~ d  t o  sedi  another eolutlon. 

The h~i~r: !~t  of t h e  d o n t t ~ t e d  c t ep  wns f i r e t  changed t o  ?.O f set  and 

tbi6ri t o  3.5 f e e t  in an effort to reme.:y the objectiontble fecrtur5a. Ro 

diffsrance i n  the r e l a t i v e  e i f e c t i v e n e s ~  cf m y  ono of the three sizes 

could be noticed, excopt that the larcest  ~ t c p  seemed t o  he the aors 

preferable for the low discharqe conbitiona. Prnvims s q c r i e n z s  hr3 

indicrt t~d t1w.t it was hest t o  have the eff s c t i v e  hsi,r;k?& of the tneth 

i n  the dentoted etep erllial tc? the t k i t h c s s  rf t he  j e t .  Since  t l : ~  - t  

\ f a R  approxinatoly 3.0 feet tF.Z::k, it  W ~ P  AecIBed t c  \16e thc ?.59-?onL, 

step (effect ive  h s i ~ h t  about 1.0 f s e t  bocnuce of t h ~  C.5? f o o t  thick 

f i l l e t  later 1nsto.lled between thn t o e t h ,  Fii;urc 13). 

The Hehbock s i l l  was then moved upstrtzzl,~ t o  a r to lx i t  correspord tab: 

t o  Station 4 2 1 . 4 0  on the protatype. This noved the pooitton of the 

upetreem, but caused a narked. =~ount of urbsh over tho trai1i5.r.c- 

walle at the higher diochtirses. !?he secnndrxy wa7-e nc\-eC uwstrcwm 

15 feet from itr ori~in~,l g o n i t i o n ,  3 ;~t  :.?t~ ~ p p r ~ c i ~ i l t l ~  ir,(:r.:aued i;? 

s i z e .  Thia tlclutlon m e  thcr'ef ore noncileroc? t 3  br. .mdsslrr.:3lc?. 

A 3.50-f 3ot  s i l l  m e  finxt r,laccc! t.-t Str:tioc 42e.21. Thls causa0 

the secondely veve ilnc! ",hs wnck over the truinine-uc.3 1~ t o  disr.~s-zar, 

but decreased the tuilvmtor range E-Sf iciont ly t o  rondsr it ucsntisf ectory. 

B scrim of f i l l e t s  was thon i n s t ~ l l e ?  in the pool (~ i ;=ure 10). The 

s i l l  naR ).eft at Station 426.65 but incraased t o  b.0 f e e t  i n  height. 

This proved t o  be a vary poor deeign sa i t  cnuned the jump t o  move 

beyond the l imi t s  of the t r ~ i n i n e - m l l e ,  an6 reduced the tellwater range. 



rango m d  forced the  ,jump u ~ a t r e n m ,  but  the R B C O ~ ~ R P ~  F ' ~ L V B  incrsfieed. 

The ~ i z e  of thie  sill exceeded p r a c t i c ~ l  l i m i t s .  

I t  aeemed advisable,  the re fo re ,  t o  move the s i l l  upstrmm. A 

5.0-foot s i l l  and a 5 . 5 f o o t  s i l l  w a r s  t r i e d  a t  S t ~ t f o n  425.15, with 

the lareer  s i l l  provinp: the  more snt iofac tory .  T h i n  d e s l m  -cave the 

f ollowini: performance ( ~ i , g . r a  1 2 )  : 

1. Discharge = 5,000 second-f ee t ,  tnilwnter varied 

between l i m i  t o  of 3765.R and 3767.8--conditione 

very sat i s fnc tory ,  

2. Diecharge = ??,5GO ~econd- fee t ,  t a i l w a t e r  va r i ed  

between l l m i t ~  of 3768.1 and 3770.1--conclitione 

very mtisfnctory. 

7. Discherqe = 10,000 second-feat ( d e s i m  m c r x i m u n ) ,  

t r ~ i l w a t e r  varlet? between limits ~f elevat  ionu 3768.0 

and 3771.9--conditions ea t l e fac to ry .  The n o s i t i o n  

of t h o  f r o c t  of the  Jump was 6p~1rbxlmatnly 20 f ee t  

upstreem from the end of the  traininc-wall. There 

wns na wnsh over t h e  m l l a .  The necondar? wave s t i l l  

exictpd nt norrn~l  t n i l n a t e r ,  h u t  was reduced i n  ~ize. 

4. D:zchrtr,~e = lh,000 escon6-feet, t n i l ~ e t s r  held at elera- 

:'ion 777b.0--the 3ydrauiic J~mr, remainad i n  the  nool. 

I t  waa thernf'oro recornended t iat  tho f im1 p r o t o t y ~ e  pool desim in3lcde 

a ?. $foot dontated ~ t e p  at Station 9 7 0 . 1 6  and a j.+foot dentaten 

Frasaure St - l l i e e  t o r  S t  ill l n t + ~ o o l  

Piezo3eto:'s wore Ins ta l l ed  in tho e:illin~-poal An ~ h m  In 

Piwl 'e  7 .  The pressure distribution o?>tr.ined from them piezanetera 

i s  v lo t t ed  on the name T i e r e  a e  e metter of recare .  

Outlet  Studies 

~ h s  out le t  works were i n s t a l l e d  & t a r  completion of the spillway 

etudiee. T h i s  is  shown t o  the ri.yht of tho epi l lvt ly  on F i m r e  P3A. Seuauee 

of the relatively low-maximum discharge of t h e  outlet (625 saaond-feet) 
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C. :.;ur.l:+irl:: :.lo" thro~.rr;!: o r i t  lut 
n!!d :3;)\ l l w t ~ j ' .  
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Topography below s t i l l i n g  
pool. B. Sooar o a u d  by flow oi 

10 000 aoombfeat  ( 'C . i t  
r 4 e r  BI. m . 0 )  fo r  90 
minutem-model tinre? 

C. S o w  caused by flow of 
lo 000 woad-fee t  (Tail- 
water 11. 3771.0 f o r  90 
minutor 3769.0 for  90 
miautenf l o r  ~ B O  minutes- 
model t lma .  

D. Soom oauctd by flow of 
10 000 s e ~ ~ o w b f e e t  (Tail- 
water ai. 3 m . o  for QO 
mlnutes, 3768.0 f o r  80 
mlnutos 3768.0 fo r  90 
alnutes j  fo r  e70 mlnuter  
&el tima. 

SCOUR STUDIES 
WITH. 3.0-FOOT DmTATKD STEP AND 6.6-FOOT DEMT- 8 X U  

R E C O ~ D B D  DE3ILfN 



n o n o  of tZle l o f t  f i l l  cm5ml3nent and surraur,lSint; to;>o,;:*t:$ly hnd 

oocurroJ,  rosu l t inq  in tho formati~n of a eteep  bark on that siLe. 

Tho c~1z:'qemsct of the m c k ~ t  in t h e  ripron, and the  d q o a i t i o n  of 

material Z~wnstrecm from the o i l 1  haA r ~ l c o  continuer1 (Pilplre 1 j D ) .  

Tho RCOUT c o n 5 i t i m s  i n d i c a t e d  \y t h e  p~rforrnanco of the .;lode: 

l c  thn F ~ O V F !  t ~ ~ t r j  were not ~ i l f f i ~ i e n t  t o  cause concern, leadin< t o  t h e  

so r?c lu~ im thnt the  pool 2csign chooen would ~ e r f o r m  aa t i a fac to r i ly .  It 

wn.8 uu~;~esC,ed that the wor th  of t h e  ~~ent i r tod  n t q  cnllld Be demonstrated 

morp concluaivc!y by rs;.entin;: the  nSove ~ e r i e s  of t e a t s  wi thou t  i t .  

T!lis procedure VCLP f o ? l o * ~ e d .  thc realilts 8hcrdlni: co~lc lueively  t h n t  t h e  

dentetad F", epB..rr n-ccnrnFd* t n  reduce t 1 .1~  v~1oc l f ; -  of flow enterinfi the 

?ool a n d  t o  ~ i r '  in crn~.?ter&ctinr the eff ectu of a n o m ~ l  t~ilwater 

insuff i c l  cn t  faar y r r r f ~ r  opcirbt ion of the k ~ d r a u 1 . i ~  j u q .  In all cases, 

the .Imp or.~.~rr.-!d tw  fbW domstrem, w i t h  c o n ~ ~ o l : a n t  3ovore scour, when 

the dentoted step W.F renwc2. The r r - a u ; t ~  of c n ~ m a 5 l e  scour t e s t a  

for t h e  a l p n t p t r 5  G ~ C - P  ~ a r o v n d  xire &-HZ on T i m - c  15. 

In v lev  of the model results obtnine?,  the  f o l 2 ~ v i n ~  reconm-mdatione 

are made : 

1.  T h n t  tke o r l ~ i n a l  ~ p p r o n c k  Se  retained ?-feccuae the 

tar?..;? c 2 c ~  i n h ~ r e r l t  i r r  %hir  P e s i p  ?,ow cot aT'S;esr 

P:-cy : t  c t  'riyk. 7ic'iscl:t~rpre a c ?  bccwse of the  ad?:- 

t:or.al coa t  ' r r n l r r . 6  i r  t5.c n 2 t a x r . t ~  c?es:mn. 

2. %tt t k e  crir1nrJ PC%C etructure e ~ d  ahunne!, ke 

rntrllnrcf. 

9 _,. That A ?.>fact d e ~ t c + , a d  stp-, a 5.5-foot cosbinat!~r: 

Rehbonl.: sit: ,  ~ n d  a scries of f ? l ? c t s ,  An a h o w  i n  

T i a r e  10, be inatnllec? In the ~tillinq-pool t o  

reduce scour mi incr~use  t h e  t ~ ~ : ' . . m t n r  rnncc. 
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